The purpose of this study was to investigate three-dimensionally temporal change in flap volume after free flap reconstructive surgery in tongue cancer patients. The results revealed an average change in flap volume of 82.3% at 1 year postoperatively. Change in tongue volume at approximately 6 months postoperatively showed a correlation with triglyceride levels. A correlation was also found between albumin levels and tongue volume at 1 year onwards postoperatively. The goal of such surgery in patients with tongue cancer is to reconstruct a functional tongue. Taking postoperative change in tongue volume into consideration is therefore of importance in minimizing postoperative dysphagia.
Introduction
More than 7,100 patients die of oral cancer in Japan each year, and this figure is approximately 2.7-times higher than that of 20 years ago. The number of patients with oropharyngeal cancers, included oral cancer, has been predicted to increase as the elderly population continues to rise 4) . Surgery and concurrent chemoradiotherapy (CCRT) are recommended as radical treatments for oral cancer 7) . The appropriateness of CCRT for advanced oral cancer, however, has yet to be established, and surgery remains the primary treatment modality.
In radical surgery for oral cancer, the extent of resection depends on tumor progression, and where this is considerable, eating function and articulation may be compromised due to the subsequent decrease in the range of motion of the remaining tissue. The principal causes of postoperative dysphagia include significant postoperative change in the anatomical structures of the oral cavity and pharynx, increased sensory impairment associated with CCRT, and motor impairment due to scarring 12, 16) . Many types of flap have been developed and tested for use in tongue reconstruction with the aim of mitigating such dysfunction as much as possible.
The flaps used in such reconstructive surgery can be broadly classified into two types 14) : pedicle flaps and free flaps. A pedicle flap allows grafting to be performed while maintaining a continuous blood flow. There are disadvantages with this type of flap, however, such as the limited graft range from the feeder. A free flap, on the other hand, offers no limitations on graft range and the possibility of responding to a wide range of tissue defects, the downside being that there will be complications with vascular anastomosis. For these reasons, free flap reconstruction is the most common.
One problem with the use of free flaps in reconstructing tongue is that the volume of the flap decreases over time 2, 3, 6, 13) . It is believed that this decrease is due to fatty degeneration of the muscle-fat flap itself or fusion with adipose tissue 9) . To our knowledge, however, sufficient evidence for this hypothesis has yet to be provided.
In some cases, this temporal decrease in the volume of reconstructed tissue makes it difficult to maintain the ability to perform the motions needed for eating and swallowing, even with postoperative rehabilitation. This dysphagia causes a marked deterioration in postoperative quality of life (QOL).
The purpose of this study was to determine the effect of temporal change in volume of reconstructed tongue on eating and swallowing function, together with that on articulatory function. This was achieved by using computed tomography (CT) to determine the kinetics of temporal decrease in the volume of grafted flaps during postoperative follow-up.
Materials and Methods

Patients
The study protocol conformed to the principles outlined in the Declaration of Helsinki and was approved by the Ethics Review Board of Tokyo Dental College Ichikawa General Hospital (approval number: 116-35).
A total of 50 patients undergoing reconstructive intervention for various types of defect of the oral cavity and neck at the Oral Cancer Center of Tokyo Dental College (Chiba, Japan) between July 2006 and March 2013 were included in the study. According to established NCCN guidelines 4) , surgical resection is the standard therapy in patients with operable oral cancer. Among the 50 patients in the present study, various types of pedicle flap were used in 4 and various types of free flap in the remaining 46. Free flaps were used for the tongue in 25 patients, for the lower gingiva in 10 patients, for the floor of mouth in 10 patients, and for the buccal mucosa in 1 patient. Of these, we selected 10 patients from the 25 with tongue cancer. The observation period was between 12 and 22 months postoperatively (median, 15 months). Postoperative rehabilitation for dysphagia is performed as a Suzuki T et al. matter of course at our department in such patients.
Methods
Postoperative CT was used for retrospective evaluation (slice width, 3 mm). Change in flap volume was determined with DICOM image processing software (OsiriX ® , OsiriX Foundation, Geneva, Switzerland). A radio diagnostician selected the area of the reconstructed tongue to be used as the region of interest (ROI) and calculated the volume of the ROI, which was automatically configured from there ( Fig. 1) . A uniform margin of 5 mm was set up on the side of the reconstructed tongue that was sutured.
1) Items surveyed
The following data were extracted from the patients' medical records: TNM classification, type of flap, age, surgical procedure, number of angiostomies, time elapsed postoperatively, body weight, body mass index (BMI), and nutritional status. Potential correlations between each of these factors and change in flap volume were then determined statistically with the Spearman's product-moment correlation coefficient test. Statistical significance was set at p<0.05.
2) Items evaluated
The primary endpoint was time elapsed postoperatively and change in volume of reconstructed tongue. The secondary endpoint was factors associated with change in volume of reconstructed tongue. (Table 1) The patients' mean age was 56.9 years (range, 30-72 years). The size of the primary tumor was cT2 in 1 case, cT3 in 2, and cT4 in 7. In terms of cervical lymph node metastasis, there were 3 cases of cN0, 3 of cN1, 1 of cN2a, and 3 of cN2b. In terms of type of surgical procedure performed for primary lesion resection, 7 patients underwent a partial glossectomy, and 3 underwent subtotal glossectomy. In terms of surgical procedure used for cervical lymphadenectomy, 8 patients underwent unilateral neck dissection and 2 underwent bilateral neck dissection. Free forearm flaps (FF) were used in 8 cases and free rectus abdominal myocutaneous flaps (RAMF) in 2 cases. Finally, in terms of angiostomies, each flap contained one artery and an average of 2 veins (range, 1-5 veins). (Fig. 3) No correlation was found between change in volume and TNM classification, surgical procedure, anastomosed blood vessels, body weight, or BMI, all of which are generally thought to be associated with change in volume of reconstructed tongue.
Results
Patient characteristics
Change in volume of
Items correlated with change in volume
Significant differences were found in change in volume of reconstructed tongue and preoperative triglyceride levels (p<0.025) and albumin levels (p<0.032, p<0.010) Fig. 3 Correlation between body mass index and volume of reconstructed tongue Although body weight and body mass index (BMI) were presumed to be correlated with volume of reconstructed tongue, no such correlation was observed.
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( Table 2 ). When preoperative triglyceride levels were high, the flap volume was less likely to decrease during the early postoperative period (about 6 months postoperatively), and when preoperative albumin levels were high, the volume was less likely to decrease during the late postoperative period (at 1 year onwards postoperatively).
Discussion
In an earlier study on change in volume of transplanted flaps, the surface area of the reconstructed tongue was calculated by multiplying the width of one slice of imaging data by the number of slices 9) . Meanwhile, in another study, change in the height of the reconstructed tongue in the sagittal section was evaluated 12, 17) . While the methods used in these earlier studies allowed for calculating the ratio of change in volume of reconstructed tongue, the estimated findings differed from the actual volume 5, 9) . In order to accurately evaluate such change, therefore, it is necessary to accurately assess tongue volume. The present study has attempted to address this issue.
Here, we selected the OsiriX ® . This has been shown to guarantee accuracy in calculating volumes in liver resection and precision in terms of reproducibility of tissue volume 1) . However, the amount of tissue involved in reconstructed tongue is smaller than that involved in the liver. In the above-mentioned study on liver resection, 5-mm CT slices were * p<0.05 CO: correlation odds, SP: significance probability Statistically significant differences were observed in preoperative triglyceride (p<0.025) and albumin levels (p<0.032, p<0.010). When preoperative triglyceride levels were high, flap volume was less likely to decrease during early postoperative period (approximately 6 months postoperatively). When preoperative albumin levels were high, volume was less likely to decrease during late postoperative period (at 1 year onwards postoperatively).
Change in Free Flap Volume used; however, in order to adapt the technique to the oral area, the CT slices were set to 3 mm in the present study. This enabled accurate assessment with both the thin-type free flaps and thicker RAMFs. The plasticity of methods for analyzing flap volume using OsiriX ® , however, remains to be established in studies of oral cancer. Furthermore, one limitation of the present study was that the fill rate of the grafted tissue was not unified, which meant that change in volume of grafted tissue could only be observed in isolation.
Temporal change in reconstructed tongue revealed that volume decreased in some cases while it increased in others. The transplanted free flaps were of the muscle-fat type, so the observed increase in some cases may have been associated with fatty degeneration of muscle. Rihani et al. 8) and Sakamoto et al. 9) also suggested that change in muscle and fat tissue in transplanted flaps was related to change in flap volume. In a previous report, Fujioka et al. 2) , Siebert et al. 10) and Siebert and Longaker 11) reported considerable change in amount of tissue with rectus RAMFs. In another report 15) , however, Yamaguchi et al. reported that such change was absent in RAMFs and anterolateral thigh flaps. In the present study, only FFs and RAMFs were investigated. The patterns of change in volume of reconstructed tongue did not appear to be specific to type of flap.
In future study, this group intends to use previous reports as a reference in investigating temporal change in muscle and adipose tissue in reconstructed tongue.
The present results revealed a correlation between preoperative triglyceride levels and change in volume of reconstructed tongue during the early postoperative period (at approximately 6 months). This correlation suggests that early change in volume of reconstructed tongue is influenced by the amount of muscle and fat on the floor of the tongue.
The present findings also indicate that at 1 year postoperatively onwards, change in volume of reconstructed tongue is associated with preoperative albumin levels, suggesting that postoperative nutritional status is correlated with change in flap volume. No correlation was observed, however, with BMI or body weight. Further study is needed to investigate such change in relation to postoperative nutritional status.
The surgical procedures and number of angiostomies to the flap were also investigated, but the findings revealed no association with change in volume of reconstructed tongue.
A number of studies have investigated the relationships between reconstructed tongue and articulatory and swallowing functions, but there have been various issues regarding reproducibility, and the details remain unclear. A truly objective evaluation of decrease in volume of tissue would help establish functional reconstruction methods capable of providing oral cancer patients with a higher QOL; accompanying surgical treatments that could provide a radical cure; and predictors of postoperative disorders.
This group is currently studying the relationships among change in volume of reconstructed tongue, chronological variation in nutritional status, and swallowing function. A potential association between postoperative CCRT and postoperative infection is also being investigated, although this was outside the scope of the present study.
Conclusion
Three-dimensional imaging was used to investigate temporal change in flap volume after free flap transplantation in tongue cancer patients. The results revealed an average change in volume of 82.3% at approximately 1 year postoperatively. Change in volume at approximately 6 months postoperatively showed a correlation with triglyceride levels, whereas change at 1 year onwards showed an association with albumin levels. We believe that a greater understanding of change in postoperative volume would allow improved functionality in cases of tongue reconstruction.
